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SUBJECT AND PUBPOSE OF INVESTIQATION. 

This paper presents the results of a statistical study 
of surface and upper-air conditions in cyclones and 
anticyclones passing over Davenport, Iowa. A knowl- 
edge of such conditions is essential in the forecastin 

navigation. The surface-air conditions can readil be 
studied by means of the daily weather ma s a n i t h e  
station data of the United States Weather 8ureau. It 
is more difficult, however, to obtain information on the 
upper air. This is usually accomplished by sending u 
lutes and balloons equip ed with special1 designe 

b following the rogress of a pilot balloon with a theod- 

Weather Bureau stations also constitute a valuable 
source of information. The upper-air studies described 
in this paper, are based upon such cloud data. In  
preparing this paper the writer has wished to direct. 
attention to a statlstical method which ap ears useful in 

of the weather elements of HIGHS and LOWS and also to 
call to notice the great wealth of material for investi a- 

United States Weather Bureau. 

of weather. It is also a matter of importance to aeri 3 

x 
apparatus for recording t Yl e upper-air con cip itions, and 

oite. 9 The clou a records made at the United States 

the study of local weather conditions in t i e distribution 

tion which has accumulated in the stations of % t e 

METHOD OF STUDY. 

The statistical method which has been employed in 
this investigation is similar to the one previously used 
b Clayton m his cloud studies. The mechanical details 

J. A. Udden. A diagram is constructed, as shown in 
Figure 1, for the purpose of dividing a cyclone or anti- 
c clone into a number of definitely circumscribed areas. dur concentric circles are drawn, whose radii represent 
distances of 100, 400, 700, and 1,000 miles, respective1 . 
outer circle, delimit 24 subareas symmetrically oriented 
about the central one. These are numbered consec- 
utively from 1 to 25, aa shown in the figure. 

The diagram just described is here used to subdivide 
a c clone or anticyclone into small areas in order to 

area when it over ies Davenport, Iowa. It is drawn to the 
scale of the United States daily weather maps upon a 
sheet of transparent paper. Having selected a weather 
map in which Davenport is situated within a HIGH or 
LOW, the next step is to determine the region of the 
cyclone or anticyclone in which the city lies. The 
center of the diagram on the transparent paper is then 
superposed upon the center of the LOW or HIGH in such a 

-5, I=, at w h w o ,   ex. Cf. MO. WEATHER REV., gctober, 1 9 ~ 5 0 :  ao. 

o 9 the method, however, were taken from a paper by 

Eight radii 45' apart and extending from the inner to t z e 

stu B y the aver e weather conditions prevailing in each P 

1 Thh manwcrlpt has been m & v d  since the untimel death of the author on Sept. 

41608-2+1 

manner that the north-south diameter of the di am 
coincides with the meridian. The number of the su YY area 
in which Davenport lies can then be read off directly. 
Thus, in Fi ure 2, which illustrates the 

gram. In this case the city lies within that part of a 
LOW whose center overlies the eastern part of the Province 
of Ontario, Canada. 

YOmdure, Davenport fa EL s within subarea 15 of the cyconic dia- 

Fro. l.--.4rrnmynent of 3 suhareasln a diagmm used for 6nd1ng thelocntion of Daven- 
r t i n  ditTerent parts of ryclones and anticyclones 88 shown on the dally map8 of the . 9. Weather Bureau. 

It is now a simple matter to note the weather condi- 
tions prevailing in subarea 15 of the cyclonic diagram. 
Upon examining a large number of weather maps, Daven- 
port is found frequently to a pear in this area. By ob- 

tu calculate the average weather conditions, sucf as the 
amount of cloudiness, wind velocity, frequency of pre- 
ci itation, etc., characteristic of any articular subarea 

larly, we may obtain the average weather conditions 
which Davenport esperiences in each one of the 25 sub- 
areas of cyclones (or anticyclones) represented on the 
diagram. 

taining a sufficient number o P observations, it is ossible 

o P a LOW when that subarea overlies gavenport. Simi- 

SOURCE AND CHABACTEB OF DATA. 

The present investigation is based upon an examina- 
tion of the morning and evening weather maps for a 
period of 22 years, from 1892 to 1913, inclusive. Ap- 
proximately 13,000 maps were examined. The files of 

66 
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the Davenport Weather Bureau station supplied the under consideration. Thus the city was visited by the 
morning ma s and the evening maps were studied a t  central area of cyclones 119 times, while in subarea 15 
the Chicago Weather Bureau office. All of the observs- there were 521 observations. The distribution of the 
tional data were obtained from the Davenport station. number of observations among the various subareas of 

t h e  cyclonic di am is shown 
aphically by shaded areas. 

Fhe more darkly stip led regions 

bers of observations. The limiting 
values of e a c h  degree of shading 
mav be ascertained from the num- 

represent increasingly P arger num- 

Fro. Z-DIagram mperlmposed on the center of a Luw on the unlted staten weather map, to locate the sreain WMeh 
Davenport falls. 

LOCATION AND TOPOQRAPHY OF DAVENPORT, IOWA. 

Daven ort is situated in the upper Mississippi Valley 

wich. "he city is about 606 feet above sea level. It is 
surrounded on all sides b com aratively level land 

Lakes to the northeast constitute the nearest large body 
of water. Numerous small lakes are also found in Wis- 
consin and Minnesota on the north. This large water 
surface probably exerts a noticeable effect upon the 
weather conditions a t  Davenport. 

Daven ort lies on the west bank of the Mississippi 

the city. I n  the o posite direction the valley broadens 

station is situated about 1,500 feet from the bank of the 
river and approximatel 75 feet below the level of the 

way up the slope from the river's edge. 

at latitu B e 41' 30' and longitude 90' 30' west of Green- 

almost all of which is un B u p  er c tivation. The Great 

River, w E ose valley extends several miles eastward of 

out and turns to t E e southwest. The Weather Bureau 

upland. Roughly spea fd 'ng, the station lies about half- 

SURFACE AND UPPER AIR CONDITIONS I N  THE SWABEAS 
OF CYCIDNES OVERLYINQ DAVENPORT, IOWA. 

Number of obsmations.-The number of times that 
Davenport was within each subarea of the cyclonic dia- 
gram is shown in Figure 3. "he numbers include both 
morning and evening observations for the entire period 

be; within the s m a l l  rectangles 
along the bounda lines of t h e  

there are six de ees of shading 
whose limiting v a F  ues are given in 
the following table: 

Number of 
obsermtlons. 

1. Unahaded ...._.._._._._.__._.._ 0-100 
2. Light stipple.. . -. . . . . . -. . . . . . . . 101-200 
3. Medium stipple _..._._... ._.._- 201-300 
4. narkstip le ...._....__...__.._. 301-400 
5. Very dark' stipple. - -. . . -. . . . - -. 401-500 
6. Solid black _... ._..___..._.__. 501-800 

A like interpretation applies to 
all similar diagrams in this aper. 

port was visited by each cyclonic 
area is of importance in determin- 
in the reliability of t h e  average 

the various subareas. Davenport 
appeared most frequently in  sub- 
area 15 of the c clonic diagram, in 
all 521 times. h e  smallest num- 
ber of observations, namely 17, is 
found in subarea 18. With such 
extremes, it i s  evident t h a t  t h e  
averages in some subareas will be 
more reliable than in others. It is 

shaded areas. In v igures 3 and 4, 

The number of times that B aven- 

v 3 ues of the weather elements for 

believed, however, that the average values of the weather 
elements will be fairly reliable except in 18 and 25. 
The total number of observations in the cyclones is 4,318. 

U 

Flo. 8.-Ntmber of obsewatlo~ In the diflmmt rulmeaa of OyelOIm at Davenport. 

Frequen y of obsematkm.8 in diferent subareas.-The 
total number of observations in any one of the subareas 
of a cyclone depends upon two factors. First, the 
number is proportional to the frequency with which 
cyclones travel along those paths which include Daven- 
port within the given subarea. Secondly, the number of 
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upper. 
-- 

Per cent. 

to the areas of the several 

in terms of the same unit of 
subdivisions of By expressing the number 

2 
25 
17 
9 

Fie. 4.-Frequency of obaervaticmsin percentages for the ierpsrate iubareai of cyclma 
et Deveuport. 

area, we obtain the frequency with which Daven ort 
falls within any particular part of a cyclone. h e  

130 
362 
550 
170 

Fie. S.-NUmber of obaervatiomln the ditlerent iubarsar of anticyclmw et lhveapoat. 

fre uency values given in Figure 4 represent the number 
of % o servations per 10,000 square miles of area. 

FIG. 6.-FWmv d o h ~ t l o n r  in m m  for rhe ~ e p l ~ e t e  m h m s  Of -ti- 
cyolmea at Davenport. 

It is interesting to note that the fre uenc areas in 
c clones (see fig. 4) are elongated from bSd to ENE. 
&is agrees approximately with the direction of the 

storm tracks aoross Davenport as shown by Van Cleef. 
Furthermore, the frequency values below the WSW.- 
ENE. diameter are considerably greater than those 
found in the corresponding upper subareas. This is 
clearly shown in the table given below, in which the last 
column expresses in per cent the ratio of the frequencies 
in the lower (southern) to those in the corresponding 
u per (northern) subareas. From this we may conclude 

north of Davenport than to the south. 

TABLE I.-FrepnciCs of obsmrcrtwns in u per (northern) and lovrcr 
(southem) subareas (see&. 4) .  

t l! at the cyclone centers travel more frequently to the 

1 Lower. 1 Subma I Upper. 

l- I------l- 
7.3 

10.2 
20.3 
2 8  4 
4.7 

26.4 
32.9 
L4 

40.6 
a 5  

20 
12 
4 

21 
13 
5 

23 
14 
6 
P 
15 
7 

6.4 
18.5 
19.7 

.8  
5.9 
31.9 
1.3 
4.8 
18. 8 
5.0 

18.7 
22.9 

DIBECTION OF THE SURFACE WINDS AND THE CUBBENTS 
I N  THE UPPER AIR IN CYCLONES. 

Surface winds.-Davenport experiences a characteristic 
resultant surface wind direction in each of the 25 areas 

Davenport was 
119 times, 

Number of 
times. 

N ............................................................ 7 
NE .......................................................... 9 
E ............................................................. 17 
SE.. ........................................................ 15 
s. ........................................................... 21 sw .......................................................... 29 
W.. ......................................................... 14 
NW .......................................................... 7 

Total ................................................... 119 
The vector diagram of these wind directions is plotted 

in Figure 7. 
Beginnin a t  “A” each of the directions is represented, 

indicate the number of times that the wind blew from 
the iven direction. The resultant directon is given by 
t.he feavy line AB, which closes the polygon. 

The resultant wind and cloud directions within each 
of the subareas of the cyclonic diagram have been studied 
at  five arbitrary levels, namely: 

Surface wind .............................................. 
Nimbua and stratue clouds. ................................ 2,300 
Cumulus, etrato-cumulus and curnubnimbus clouds.. ....... 6, OOO 
Altcdratus and alto-cumulus clouds.. ....................... 13, OOO 
Cirrus cirm-atzatua and cimcumulua clouds. ................ 23, OOO 

The direction of the wind at  the higher altitudes was 
obtained from the observed motion of the clouds within 
the respective subareas. In each of the diagrams, 

Dlrectlon from which wlnd blew. 

- 

consecutivey, f with a line whose length and direction 

Altitude in feet 
(approximate 

Levels. average.) 
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Figures 8, 9, 12, 13, and 16, the resultant directions are 
represented by arrows flying with the wind. The 

N 

1 
FIG. I . - V m  diagrem ahowin resultant surface wind dlrectloplln the central subarea 

of cyclones at Davenport. 

PIG. a--nireetim of surface winds In cyclonea at Davenport. 

FIG. 0.-Dimtion of motion of nimbus and stratus clouds in cyclones at Davenport. 

length of the arrow indicates the constancy with which 
the wind blows in the given direction. The broken 

arrows indicate that the directions in the subarea where 
such arrows occur are based upon five observations or 

FIQ. lO.-Dhtlon of surface winds In anticyclones at Davenport. 

less. 
have no arrows. 

Observations are lacking in the subareas which 

Direction of motion of surface winds.-The resultant 
direction of the surface wind in each of the subareas of 

Fro. Il.-DlrectIm ofmotion ofnimbua and stratus cloudsin anticyclonesat Davenport. 

cyclones, overlyin Davenport, is shown in Figure 8. 
The arrows exhi B it  the characteristic anticlockwise 
spiral motion of the air in cyclones. Also, t-he direction 

FIG. 12.-Directlon of motlon of cumulus, stratocumulus, and cumulrmhbus cloud6 
in cyclones at Davenport. 

of the wind becomes. increasingly tangential on approach- 
ing the center. The resultant direction of the wind in 
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the central area is from the south, with a slight westerly 
component. 

Dzrection of motion of  n imbiur and stratus clouda.-The 
nimbus and stratus clout! directions shown in Figure 9, 
likewise possess the spiral motion chrtrncteristic of the 
surface winds. In  addition, the winds at  this altitude 
exhibit a westerly trend, noticeable on the eastern side 
of the cyclonic dia am. In subareas 4,12 ,20  and 5,13, 

east from their direction in the surface chart, by almost 
45'. The wind direction in the central. subareas pos- 

and 21, for examp F e, the arrows are rotated toward the 

Direction of motion of &?ru8, &rro-stratus, and cirro- 
cumulus clouds.-This IS the highest group of clouds. 
As in the previous case, the arrows exhibit a southward 
convexity (see fig. 16). The clouds roceed quite regu- 
larl from the west in all the areas o P the cyclone. 

&e diagrams, just described, show that the rotary 
motion of cyclones certainl extends upward to the 
nimbus and stratus clouds. fn most cyclones the rotary 
motion probabl roaches the cumulus group of clouds, 
and perha s hi Eer. At this altitude, however, the west- 
erly wing, waose effect is already apparent a t  the 

FIG. l3.--Mrectlon of motion of altogtratus and altbeumulus clouds In cyclones s t  
Dawnport. 

sesses a greater westerly component than do the surface 
winds. 

Direction of motion o miindus, strat.o-c~i.mulus, and 

intermediate condition between the lowest and the 
highest winds. The arrows in Figure 12 do not possess 
the complete spiral arrangement characteristic of the 
two previous levels. Nevertheless the Minds a t  this 
altitude clearly show the effect of the cyclonic whirl. 

cii.mu.lo-nimbus cZou&.- I hese appear to represent an 

FIG. 14.-Dlrection of motion of cumulus, stratoamulus and curnulo-nimbus clouds in 
IUltkplOIWS at Davenport. 

The westerly trend of the whids is here very marked in 
all the areas, including the central one. 

Direction of motion of alto-stratus and alto-cirmu.1,u.q 
clouds.-Except for a slightly southerly convexit in 
their arrangement, the arrows in Figure 13 do not excbit 
any marked effect of the rotar motion of the cyclonic 
winds. The diagram shows t z at the alto-stratus and 
alto-cumulus clouds roceed almost alwa from a nest- 

which the clouds occur. 
erly direction regard P ess of the region o 7 the cyclone in 

FIG. li.-Direetlon of motion of altwtratus and alta-cumulus cloud8 in anticyclones at 
Davenport. 

nimbus level, become very marked. At the alto-stratus 
and cirrus levels the wester1 winds proceed almost un- 
hampered by the cyclonic w g l  below, whose only affect 
is to produce a slight southward convexity in the arrange- 
ment of the arr0ws.S 

WIND VELOCITIEB. 

The average wind velocity which Davenport experi- 
ences in each of the subareas of t,he cyclonic diagram is 

Fro. 16.--Directloa ofmotion ofdrms, drrpatratus, and cirrocumulus cloudsin wlanee 
at Davenport. 

shown in F' w e  17. Several variations in velocity are 
a parent. !k the h t  place the velocity increases radi- d y  inward to a maximum at the innermost concentric 

The author's coneluslon here Is reached apparent1 upon the hasis of a &devel  dis 
tdbution of pressure and upon the assumption tharthat distribution is repmluced 
W.rtically. It is well known that in most cyclones especially in winter, the center of 
lowest prwaure at free-air levels Is dis laced farther ind farther toward the colder region 
with inuesse of elevation Thus t i e  pressure distribution actustin the movement 
of the higher clouds Is not the Sam; a# that at the surface or at the levefof lower clouds. 
Theconclusion, therefore, that thecyclonedoesnot extend to ther irr i i s l e~ . e l ,~upon  
the simultaneous ohservation of surface presslye and the dlrectlon of cirrus mwement, 
IS hardly teMble.-EDJTOB, 



_. ’ of subareas, dropping quickly to a value of 7.9 
&%!a per hour in the central area. This is readily seen 
in F’igure 20, in which the velocities are represented on 
ordinates erected at  the centers of subareas lying along 
four diameters of the cyclonic diagram. 

Secondly, the highest wind velocities occur southwest 
of the central area, where the cyclonic winds below coin- 

Number t l m ~  wind blen Erom esch direction indicated ... 

T O t d m k d ~ - t I W  .......................... 
- . .. . .___ 

w,,,d Nadwbm~.  
direc- 
‘On. 1 15 
--- 
N. 7 9 

0 1 
E. a 

l7 a 1 :i: 11 15 , sw. 19 m 
W. 14 W 

NW. ‘I 155 

........ 119 519 
-- 
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In the wind direction diagrams 8, 12, 13, and .16, 
the lengths of the arrows were made pToportional to the 
persistency of the wind direction in each subarea. 

S 

of high and low persistency are sharply dehed,  clearly 
indicatin that the cyclonic motion e-utends to th 
height. s i g h  persistency values revail in all areas at  
the alto and the cirrus levels, Jue to the prevailing 
westerly winds. 

RESULTANT VECTORS AND WESTERLY COMPONENTS OF 
ALL WIND MOVEMENTS AT FIVE DIFFERENT LEVELS. 

combine the 25 resultant wind direc- 
into a single total resultant direction 

In  this way five total resultant wind 
directions have been obtained, one for each level. 

Flo. 2l.-Dtstdbutim of temperature in cyrlones at Davenport ( O F . ) .  

Irregular topographic features probably affect the 
surface wind persiatencies. In  the main, however, the 

FIG. %.-Average distribution of relative humidity In cyclones at Davenport. 

These resultant wind directions are indicated by the 
broken lines in Pigure 46. The full lines in this figure 
represent the westerly components of the resultant 
directions at the respective levels. The approximate 
altitudesyof the respective wind levels is given along 

surface persistency values are determined by the cyclonic 
motion of the wind. This gives rise to a region of high 

FIG. ?3.-F?equency of thunderstorms in cyclones at Davenport. Numbers in subsmas 
represent the number of thunderstorms per 1cO tlmes that Davenport falls within a 
given subarea. 

persistency values southwest of the center and lower er- 
sistencies to the northeast. At the height of the nimfus, 
stratus and cumulus groups of clouds thweztwo regions 

no. PS.-Aversge distributlon of relative humldity in anticyclonm at Davenport. 

the ordinate, while the persistenc of the westerly 

below. 
components is measured along the a t scissa. This is as 

westerly 
component 
PerslsteneY 
in per cent. 

1. Surface wind.. ........................................... 5.0 
2. Nimbue and stratus ... . . . . . . -. -. . . ._ -. . . -. . . . ._. . . 19.4 
3. Cumulus, strato-cumulus and cumulo-nimbus. ..-. . . . . . - - . - - 45.7 
4. Alto-stratue and alto-cumulus.. . -. -. . -. -. . -. . . . . . . . . . . -. 82.4 
5. Cirrus, ch-etratue and cirro-cumulus. .. . . . -. . -. -. . -. - - - -. - 82.6 

It is seen that the 25 surface winds of the cyclonic 
diagram, when combined into a single vector, possess 
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a slight westerly component. This component is small The diagram shows that thunderstorms fre uently 
because at  the surface the cyclonic motion of the winds occur on the eastern side of LOWS and are almost 1 acking 
is most pronounced. With increase in altitude the cy- on the western side. Thunderstorms are most frequent 
clonic motion decreases and the westerly winds increase when Davenport lies in a region about 100 to 300 miles 
in strength. The curved line in Figure 46 shows graph- east of the center of the LOW. 
ically ths increase in the total resultant westerly coni- 
ponent of the wind direction as the altitude increases. RELATIVE HUMIDITY. 

Fi re 24 gives the avera e relative humidity for each 
of t e subareas of the cyconic diagram. The lowest 

u7hile high values prevail in the northern half of the 

%ll 7 TEMPERATURE. 

me average temperature Which Davenport es.Peri- values of relative humidity occw in southern subareas ences in each of the cyclonic subareas is shown in Figure 
I 

FrG. %.-Percentap Frequency 1'1 niniall in the different subareas of cyclcllaes at Dewn 
port. 

21. The temperatures represent the arithmetical average 
based on the total number of observations, morning anti 
evening, for the res ective subareas. The distribution of 
temperatures is suc as we might ex ect within a cyclone. 
The higher temperatures occur on t e eastern side where 
the winds are from the south and the lower tem eratures 
on the western side where the winds are from t P ie north. 

K R 

n 

. f  
F I G .  ?*.-Percentage frrqiimcy of rainfall in tho different subareas of antlryeloncs al. 

Davenpat. 

c.yc1onic din ram. The maximum relative humidity 
occurs when5avenport lies within a small region just 
northwest of the center of the diagram. 

FREQUENCY OF RAINFALL.. 

This frequency of rainfall in the various subareas of the 
The frequency q.rlonic diagram is shown in Figure 36. 

FREQUENCY OF THUNDERSTOBMA. 

The percenta e frequency of thunderstorms in the 
various parts of cyclonic areas is iven in Figure 23. 
There are on the average 3.6 thun 5 erstornis for every 
100 times that Daven ort falls within the central region. 
This result., like all ot 1 em in this paper, is based on the 
morning and evenin observations throughout the entire 
period under consi if eration. The percentage fre uency 
of thunderstorms would no doubt be greater ?or the 
summer season and less for the winter months. 

""- of rainfall is highest in northern subareas, and, in 
ticular, rainfall is most frequent at  Davenport w en 
the city lies within a region extending from 300 miles 
northward from the canter of the cyclonic diagram. In 
subarea 3 where the frequency is greatest, it rains on the 
average 36 out of 100 times. The frequency of rainfall 
is least in the southern subareas, the minimum frequency 
occurring in 33, southwest of the center. 
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FREQUENCY OF SNOWFALL. 

This is pictured in Figure 37. Snowfall rarely occurs 
southeast of the center of the cyclonic diagram, where 
the winds are from the south. The frequency of snow- 
fall is high in the northwestern subareas, where the winds 

n 

FIG. 80.-PercentaRe frequency of rogs in cyclonas at Davenport. 

are from the north. The masimuni frequency occurs 
when Davenport is situated in a small region just north- 
west of the center of the LOW. 

The region of maximum relative humidity coincides 
approsimately with the regions of greatest frequency of 
rainfall and snowfall. If the latter two diagrams were 
combined into one this coincidence would be all the more 
rtp arent. 

'$exthooh frequently refer t.o the region southeast, of 
the center of the cyclone as the rain-bearing area. This 
may be true for certain parts of the United States and 
perhaps for other countries. For Daven ort, however, 

north of the center of LOW. This may be due in a large 
mexmre to tlie presence of the Great, Lakes and other 
horlies nf water north and east of Davenport. Winils 
hlowing over these regions have a chance to become 
ninisture laden heforo reaching Davenport,. On the other 

it seems certain that the principal rain P all region lies 

FIG. 3l.-Percentage frequency of uimhus clouds in cyclones at Davenport. 

hand winds coming from the south and west do not 
traverse any large water surfaces and this may in part 
account for the low rainfall frequency south and west of 
the center of the cyclonic diagram.4 

FREQUENCY OF FOGS. 

Fogs are decidedly more frequent when Davenport is 
situated on the eastern side of n LOW than on the western 
side. This is clearly seen in Figure 30. Maximum 
frequency occurs a t  the center of the cyclonic diagram 
in a region which extends several hundred miles to the 
northeast. In  the central region fogs occur 13 out of 
every 100 times that Davenport lies in this area. 

I t  has been frequently noticed that light f o p  on the 
uplands around Davenport may becomo very dense u on 
descending a short distance into the valley below. $he 
occu~~ence of fogs in this locality is no doubt closely 
related to the presence of the river. Light winds blow- 
in parallel wit,h the direction of the river would prob- 
ab y favor the formation of fo . In subareas 3 and 11 
where the frequency is high, t e direction nf the wind is Bs 9 

rosimately parallel with the direction of the river 

FIG S2.-Fercentage frerlueccy of fogs ill anticyclone; at Dawnport. 

nISTRIBUTION OF CLOGDINESS IN CYCTX)NES AT 
D1T'ENPORT. 

The following types of clouds have been studied with 
reference to their distrihut.ion in t,he cyclonic dia.pam: 

1. Nimbus 
3. Stratus. 
3. Cumulus. 
4.  Alto-cumulus. 
5. -41 to-stratus. 
6. Cirrn-st,rnt.iis. 
7. Cirrus. 

(.In account of the small nuinlw of observations the 
other cloud forms were omitted. Following the iisud 

mct,ice, the amount of cloudiness litis been designated 
Ey the scale of I to 10, where 30 represent,s total cloudi- 
ness, when the sky is overc.ast. 

X i n i b w  c?ozrdiness.-The a.mount of nimbus cloudiness 
is lenst in t,he southern areas of the cyclonic diagram and 
increases toward tho north (fig. 31). The region of 
ni:isiniuni nimbus cloudiness occurs north and slightly 
west. of tlie center of t$e cyclonic diagram. This dia- 
grrim should be compared with figures 24, 26, and 27. 
Naturally t.he region of greatest iiinibus cloudiness coin- 
cides wit,h the regions of ma.simuni relative humidity, 
rainfall, and snowfall frequency. 

4 The distribution here shown conforms closrly with that of Rjerknes 8 ical cyclone 
f cf. MO. ~VEATIXER Rev., February, 1919,47: 95-69) and therefore loca;c%ions scem 
to play but D minor rblc.-EDITOR. 
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Straha cloudiness.--?'he distribution of the stratus 
clouds (fi . 34) is quite similar to that of the nimbus 
clouds. #he region of maximum stratus cloudiness, 
however, broadens out toward the north. Also, the 
average amount of stratus cloudiness is greater than for 
the nimbus clouds. 

FIO. 33.-Pormntage frequency of nimbus clouds in anticyclones at Davenport. 

FIG. 3A-Perrentage frequency of stratus clouds in cyclones at Davenport. 

---L 

FIG. 35.-Perceutsge frequency of cumullls clouds In cyolonw at Davenport. 

Cumulus doudineSs.-The cumulus clouds occur mainly 
southeast and east of the center of the LOW, as shown in 
figure 35. This was to be expected inasmuch as convec- 
tion is very ronounced in this part of the cyclone. 

Alto-cumu&a.-The distribii tion of alto-cumulus clouds 
in the cyclonic diagram is shown in Figure 38. On RC- 
count of the small number of observations for the higher 

clouds, t,hk and the remaining cyclonic diagrams pre- 
sent many irregularities in their appearance. Only the 
more general features of the d i a g r w  are therefore con- 
sidered significant. The alto-cumulus clouds are most 
common on the eastern side of the cyclone. The average 
amount of this kind of clouds is seen to be very small. 

FIG. 36.-Percentage frequency of stmtus clouds in anticyclones at Davenport. 

FIG. 37.--PerrcnLage freqrroiiry of cumulus clouds in anticyclones at Davenport. 

FIG. 3%-Porcwmtage frequency of alto-cumulus clouds in cyclones at Davcmport. 

Alto-stratus clozl.diness.-The alto-stratus clouds (fig. 
39) likewise are present chiefly on the eastern side of the 
cyclonic diagram. These clouds are r e s e n t  in fairly 
high frequency, the highest average va ue of the cloudi- 
ness being approsimately e ual to 1. 

C'irro-stratus cloudiness.-%he cirro-stratus clouds also 
occur mainly on the eastern side of the low. The aver- 
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age cirro-stratus cloudiness is slightly less than the alto- 
stratus. (See fig. 42.) 

Oirrus cloudiness.-!l%e amount of cirrus clouds is 
very small and the clouds are most prevalent in the 
eastern subareas of the cyclonic diagram. (See fig. 43.) 

With regard to their distribution in the cyclonic 
diagram the clouds here described may be divided into 
three large groups. 

1. The ap roximately similar distribution of nimbus 

of precipitation and relative humidity a t  the surface. 
and stratus c Y oudiness is closely related to the distribution 

Y 

FIG. 39.-Pereentage frequency of albstratus clouds in cyclmea at Dawnport. 

2. The cumulus cloud distribution toward the south- 
east is such as to favor the accepted theory of their con- 
vectional origin. 

3. The alto-cumulus, altoatratus, cirro-stratus arid 
cirrus clouds occur at high altitudes. In all cases under 
this third grou the amount of cloudiness is greatest in 

diagram. 
the eastern an c r  least on the western side of the cyclonic 

FIG. IO.-Permntage frequency of alto.cumuius clouds in mtlcyclonw at Davenport. 

SURFACE AND UPPER ACR CONDITIONS I N  ANTICYCLONIC 
SUBAREAS OVERLYING DAVENPORT, IOWA. 

The average weather conditions at Davenport, when 
situated in articular regions of antic clones, have been 

of this study will be briefly presented in the following 
paragraphs, together with a comparison of the weather 
conditions in some regions of the cyclonic diagram. The 
same diagram of 25 subareas was used for studying both 
the HIGHS and LOWS. 

studied in t E e same manner as for cyc 3 ones. Tho results 
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NUMBER OF OBSERVATIONS I N  DIFFERENT BUBAEEAS OF 
ANTICYCLONES. 

A comparison of Figure 5 and Figure 3 show that the 
distribution of the number of observations in the anti- 
cyclonic diagram is in one respect similar to the distribu- 
tion in the cyclonic diagram. In each instance there is a 
crescent-shaped area below the center of the diagram 

FIO. Il.-Percentsge frequency of alto-stratus clouds in anticyclones at Davenport. 

containing two mtllrima of observations. The total num- 
ber of observations in the different parts of antic clones, 

The o servations in the anticyclonic dia am are some- 
what more evenly distributed among a 1  the different 
areas of the anticyclone than are the observations in the 
cy clones. 

of ob8emmtions.-This has previously been 

each subdivision. It will also be remembered that the 
frequency values depend upon the directions of the paths 
traversed by an ticvclones in passing over Davenport in 
such a way that the frequency areas become elongated 
in a direction parallel to the pat.hs of the HIGHS. The 
frequency areas in Figure 6 are elongated from east to 

name1 , 5,286, is 986 more than in the cyclonic d9 iagrm. 

define FreYnK as t e number of Observations per unit of area in 

ff g 

/‘I ?-- 

FIG. 4?.--Pemntcrge frequency of cirrestmtus clouds in cyclones at Dawnport. 

west with a slight dip toward the southeast. This is the 
revailing direction of the paths of anticyclones at 

bavenport. Finally, the figure also shows that anti- 
ass with almost equal frequency north and 

south of 8 avenport. 
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DIRECTCON OF THE SURFACE WIND8 AND THE CURRENT8 
IN THE UPPER AIR IN ANTIOYCLONES. 

Surjiie winds.-The resultant direction of the surface 
wind at  Davenport when the city is situated in the 
various subareas of the anticyclonic diagram is shown 
in Figure 10. The arrows exhibit the usual clockwise 

i 
FIG. 43.-Percerilage frequency of rirrus clouds in cyeloiim al Davenport. 

m a n  ement characteristic of antic clonic winds. In the 
centrs region the resultant wind firection is northwest.. 

Direction o motion of nimbus and stratus clouds.-Com- 

mows in Figure 11 have been rotated toward the east, 
especially in the northwest of the diagram, clearly show- 
ing the effect of the prevailing westerly winds at  thi:; 
altitude. Nevertheless, t.he regular clockwise arrange- 
ment of the arrows indicates that the anticlocl- \wise 
motion is predominant a t  the height of the nimbus and 
stratus clouds. 

Direction of motion o cumulus, strato-cumulus and 

air, although very evident at t,his height, ap ears to be 

pared with B igure 10 it will be seen that many of the 

cumulo-nimbus clouds.- .I' he anticyclonic motion of the 

breakingup. (See fig. 14.) The effect of t R e westerly 

FIG. .l.l.--Perc.enls~ frequeiirp of cirrwtratus clouds in auticylnnes at Davmpat. 

winds is more noticeable than in the previous figure. 
The diagram suggests a transitional st e between the 

In the central region the resultant wind direction is 
from the northwest, becoming more westerly at the 
higher altitudes. Comparing this with the cyclonic 
diagram, i t  is seen that the wind direction in the central 
reBon of the cyclone is now from the southwegt and 
becomes more westerly with increasing altitude. 

anticyclonic motmion below and the wester T y winds above. 

Wind velocity.-The avera e wind velocity which 

the anticyclone is shown in Figure 19. The radial 
variation in velocity is ver apparent from Figure 47. 
Naturally the velocity is r east in the central region. 
Steep pressure gradients usually occur in front of winter 
anticyclones, and this is probably the cause of the 
region of high velocity in the eastern parts of the cyclonic 
di ram. 

%e average wind velocities throughout the anti- 
cyclonic diagram are considerably less than in the 
cyclonic diagram. This is especially noticeable a t  the 
center of the anticyclone where the average velocity is 
3.7 miles er hour as compared with a velocit of 7.9 
miles per i? our in the same area in the cyclonic zagram. 

Direction of motion of alto-strcrfus and a7to-cumdm 
clo~d.s.-The aver e motion of these clouds is distinctly 
from the west. %e only trace of the cyclonic whirl 
below is the upward convtx arrmgement of the arrows 
(fi . 15). 

%irection of motion o cirrus, cirro-stratm, and cirro- 
cntnulus c7ouds.-A11 t e arrows in this dia ram are 
practically parallel. The convex arrangement, c aracter- 
istic of the previous level, has almost disappeared. 

Davenport experiences in eac a of the subdivisions of 

a If 

FIG. rt-rrenlapr 1rrrluPiii.y 01 Pirrus rlolids i i i  aiitif~vrInnc% at hwnport. 

It is interestin to note that while the cirrus clouds in 
the cyclonic siagram are almost directly from the 
west, in the anticyclone all the arrows possess a definite 
northerly component in addition to the westerly direction 

At the surface and nimbus-stratus levels the air motion 
is anticyclonic. The cumulus group of clouds are neither 
dear1 anticyclonic nor westerly in their mot,ion. At 
the aT to and cirrus levels the motion of tho air is dis- 
tinctly to the east. 

(fig. 18). 

RESULTANT VECTORS OF ALL WIND MOVEMENTS AT FIVE 
DIFFERENT LEVELS. 

The total resultant wind direction and persistency 
for Davenport at each of the five levels is shown by the 
broken arrows in Figure 48. With increasing nltitudo 
the total resultant wind direckions become more 
westerly. The westerly components of the resultant 
directions are shown by the heavly lines, and the persist- 
ency of these coniponents is given below. 
Surface wind ................................................. 9.0 
Nimbue-etratue .............................................. 29.7 
Cumulus group.. ............................................ 48. -1 
Alto group .................................................. 78.0 
(Srruagroup .................................................. 79.7 
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The curved line in Figure 48 shows graphically the 
increase in the westerly component of the total resultant 
directions for the respective levels. 

Figures 46 and 45 are quite 9imila.r. In  both diagrams 
the westerly components reach a masimum a t  about the 
elevation of the alto-stratus and alto-cumulus grou 

on the average to about this height. 

clouds. The diapams sug est that the principal e 8 ect Of 
of the rotary motion of cyc f ones and anticyclones extend 

TEMPERATURE. 

The average tem erature for Davenport in each of 
the anticyclonic su ?I divisions is given in Figure 22. 
The highest temperature values occur west of the center 
of the dia r a m  where the winds are from the south 

winds are from the north. 
while the T owest occur east of the center where the 

FIG. 48.-Resultant vectors and nasterl corn 
at each of flve dieerent $veh E a  cyclone a t  Davenport. 

FREQUENCY OF THUNDERSTORMS. 

nent of all winds and cloud movements 

Thunderstorms are naturally quite rare in anticyclones. 
When they do occur it is mainly in western regions where 
the tem eratures are highest. The greatest frequency 
recorde 2 is subarea 23, where thunderstorms occur, 
on the average, 1.1 out of every 100 times that Daven- 
port lies within that subarea. Thunderstorms are 
almost lacking on the western side of the cyclone end 
on the eastern side of the anticyclone where the winds 
are from the north. 

RELATIVE HUMIDITY. 

Figure 41 gives the avera e relative humidity for 

port is situated in d e  southern and the eastern part of 
the diagram, res ectively, and least in the northern part. 
In the cyclonic (piagrm h o s t  the reverse is true. The 
relative humidity is there least in the southern and 
greatest in the northern part. 

Daven ort in each part of t a e anticyclonic diagram. 
The re P ative humidit is seen to be greatest when Daven- 

FREQUENCY OF RAINFALL. 

The fre uency of rainfall at Davenport, when the city 
is situate 8 in an anticyclone, is greatest in the southern 

art of the diagram and least in the northern (fig. 28). 
h e  fre uency values are quite low, the highest being 

area 16. 
5.1 ra l I 3  all occurrences per 100 observations in sub- 

1 7  I I I I  

2 'e 
Fm. 47.-Radial variatlon in whd velocities in an anticyclone at Davenport. For 

explanation of the construction of the flgilre see f ig .  20. 

FBEQUENCY OF SNOWFALL. 

In the anticyclonic di am the greatest frequency of 
snowfall (fig. 29) occurs Y w en Davenport lies in the sub- 
areas southeast of the center of the diagram where the 
winds are from the north. The least frequency of snow- 
fall is found in the subareas northwest of the center of 
the diagram where the winds are from the south. The 

FIQ. Is.-multant 
at each 

vectors and westerly copponent of all winds and cloud movements 
of flve diRerent lev& in an anticyclone at Dawnport. 

high frequencies southeast of the center of the anti- 
c clonic diagram match the hiah frequencies northwest 

cases the winds have the same general direction. 
o s the center of the cyclonic aiagram. In both these 



68 MONTHLY WEATHER REVIEW. FEBRUARY, 192d 

FREQUENCY OF FOQB. 

In the anticyclones, as in the cyclones, the distribution 
of the frequency of fogs for Davenport seems rather 
erratic. On the whole, fogs are least fre uent in the east 

north (fig. 32). h e  area of eatest fre uency lies in 

presence of the Mississippi River affects, to some extent, 
the frequency of fogs in anticyclones. 

half of the antic clone where the win 1 s are from the 

subareas 2, 3, 8, 9, and 17. R i s  quite li IC ely that the 

FREQUENCY OF CLOUDINESS. 

The total number of observations on clouds in anti- 
c clones is, of course, much smaller than the number 
o f observations on clouds in cyclones. As a result of this 
the figures showing cloudiness in the anticyclones present 
man irre larities. This is especially true with regard 
to t z r  e hig er clouds. The distribution of cloudiness in 
the anticyclones is clearly the reverse of the distribution 
of cloudiness in c clones in the case of the nimbus (fig. 
331, the stratus &. 36), the alto-stratus (fig. 41), and 
the cirro-stratus (Sg. 44) clouds. This condition is less 

evident in case of the alto-cumulus (fig. 40) and the 
cirrus (fi . 45) clouds, and it can not be said to be at all 

Averages based on a larger number of observations must 
be expected to change some of these charts. 

noticeab B e in the chart for the cumulus clouds (fig. 37). 

CONCLUSION. 

In this paper, the author haa limited himself mostly to 
statementa of facts supplementary to the illustrations. 
This was done in the belief that a fuller discussion 
of the elements of the weather, in an single localit 

been worked out for other places, representing several 
climatic regions in our country. Such studies would 
enable us to make corn arisons from which we could 

causes of distribution of weather elements. With the 
wealth of material a t  hand for such studies, there can 
hardly be any doubt but that tabulations like those 
presented here will sooner or later be made on a basis 
that will render such comparative studies productive of 
important results. 

best be made after other studies, li z e these, shal 9' have can 

infer, with greater confi c f  ence than we can do now, the 

BRAZILIAN METEOROLOGICAL SERVICE (1921-l!U3.) 

By J. DE S~MPAIO FERRAZ, Director. 

[Directorla de Meteorologia, Rlo de Janeiro, February IS, 1923.1 

Deeming it of some interest to other meteorolo cal 
organizations of the world, we have prepared for t eir 
benefit a short resume of the work done in the last 20 
months by the new Brazilian Meteorological Service, cre- 
ated in June, 1921. As explained in our Foreign Circular 
No. 1 of that pear, the meteorological activities in Brazil 
always depended on other bureaus, and before 1921 it  
was often smpl  a department of astronomical or aniza- 

logical work, there was not much harm done in this part- 
nership. But with the development of the net of stations 
and the ossibilit of their being utilized in other depart- 
ments o]P g e n e r J  meteorology, and moreover with the 
progress of atmospheric science, rapid1 creating new. serv- 

To make this evident we have indicated in this report the 
good results brought about by the independence of the 
meteorological service in Brazil. The contrast will be 
clearer if we h t  show what the old service was doing 
in May, 1921 just before the establishment of the present 
directoria. bespite the direction of my distinguished 
predecessor, Dr. Henrique Morize, whose first at tempts 
to classif and investigate Brazilian climatology are well 

climatological work. Weather forecasting was under our 
personal supervision, studied and practiced intra muros, 
with distribution restricted to the capital. The net of 
stations was greatly augmented by the old organization, 
but no publications were issued except for the year 1910, 
which we had printed in Brussels together with our 
Imtruc@es Meteorologicas. 

Now, let us point out what the new independent serv- 
ice has done in the last 20 months and is doing at present. 

CZimutoZogy.-The old service had in May, 1921, 51 sta- 
tions of second order, 46 of third order, 31 pluviometric, 
and 26 cooperative. The new bureau has now 74 sta- 
tions of second order, 78 of third order, 57 pluviometric, 
and 180 cooperative. Inspection, which was previously 

tions. While t K e progani was limited to pure c k unato- 

ices, the old arrangement was certain T y an inconvenience. 

known, t i e old directoria confined itself strictly to the 

almost nonexistant, is now actively carried out all over 
t,he country. Yearly bulletins were put out for 1911, 
1912, 1913, 1914, 1915, 1916, 1917, 1918, and a book of 
normals was issued; 1919 and 1920 are being printed. 
Before June, 1921, no data were published in news apers. 

station is obliged to ublish two-wee R1 y re- 

issue ddly summaries of their weather and that of other 
points of interest to the local population and business. 

Weather orecmting.-The new service started dis- 

usin telegraph and telephone. forecasting with s nop- 

The service was organized in Rio de Janeiro and Sao 
Paulo where ever farmer near a railway station, a 

office, can receive before 6 
o'clock in the evenin the official forecasts for the nest 
24 hours. Santa Cat B arina and Parana are being pre- 
pared to have the same service this year. In the large 
towns the weather forecasts are distributed by fla . 
southern coast. All the radio stations of the coast, 12 
in number, broadcast every 4 hours the weather of the 
occasion, the wind direction and speed being given by 
automatically recording instrument,s. Rio's radio sta- 
tion gives out special bulletins with data. of chosen 

oints and the forecasts for weather of night and clay. 
Forecasts are also sent out by radio telephone from 
Corcovado (Rio) . 

The Brazilian isobaric charts are cons truct.ed 
from re orts of 80 Brazilian stations (from Bahia to Rio 
Grandef, 18 Argentine stations and 6 from Uruguay. 
On account of the ver variable topography of the coun- 
try and it.s extensive &gh plateaus, winds and pressures 
can only be rightly interpreted with long experience, 
and in many cases are very troublesome to the fore- 
casters. New processes based on these elements can 
not be followed in Brazil. Our own empirical rules had 

ports, Now eveT an those that are locate B in capitals of States 

tribution o f daily forecasts t-hrou h the southern States, 

tic c % arts is only possible in the southern States of B razd. 

telephone or a teegraphic f 

Several storm warning' towers were put up on t i e 


